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Abstract 

We discuss the possibilities of assessing a non-zero C 7 ' 7 from the direct and the indirect 
measurements of the photon polarization in the exclusive b — > S7W decays. We focus 
on three methods and explore the following three decay modes: B — >■ K*{— >■ KsTT )'~y, 
£? — > Ki(— > K-k-k)^, and B — >■ >■ Kir)£ + £~. By studying different New Physics 

scenarios we show that the future measurement of conveniently defined observables in 
these decays could provide us with the full determination of CV 7 and C 7 ' r 



PACS: 12.90.+b, 13.20.He 



1 Introduction 



The radiative decay b — > s'y has been extensively studied as a probe of the flavour structure 
of the Standard Model (SM) as well as New Physics (NP), beyond the SM. While the 
majority of studies has been focused on the prediction of the decay rates of exclusive and 
inclusive b — > 57 decays, relatively few studies of the right-handed currents in these decays 
have been made. In the SM, the emitted photon is predominantly left-handed in b, and 
right-handed in b decays. This is due to the fact that the dominant contribution comes 
from the chiral-odd dipole operator s^r^^r^l)- As only left-handed quarks participate 
in weak interaction, this effective operator induces a helicity flip on one of the external 
quark lines, which results in a factor mj for bR — > sl^l, and a factor m s for bi — > sr^r. 
Hence, the emission of right-handed photons is suppressed by a factor m s /mb- This 
suppression can be lifted in some NP models where the helicity flip occurs on an internal 
line, which brings in a factor m^p/rrib instead of m s /mb 1 . If the amplitude for b — > s'Jr 
is of the same order as the SM prediction, or the enhancement of b — > s'Jr goes along 
with the suppression of b — > 57^, the impact on the branching ratio is small since the 
two helicity amplitudes add incoherently. This implies that there can be a substantial 
contribution of NP to b — > 57 escaping detection when only branching ratios are measured. 
Therefore, the photon polarization measurement could provide a good test of the SM or 
at least a useful indication of NP. However, since in our work we are dealing with exclusive 
decays, the non perturbative QCD effects, which are always hard to calculate, can have 
a non negligible contribution to the right-handed amplitude and therefore must be taken 
into account. 

In some NP models the right-handed contribution can be significantly enhanced. In 
the Minimal Supersymmetric Standard Model (MSSM), it is known that the squark mass 
matrices and the trilinear couplings of squarks to the Higgs bosons, coming from the soft 
supersymmetry breaking terms in the Lagrangian, are not diagonal in the quark basis, 
which makes possible for squarks to change their flavour and chirality. In other words, the 
chirality can be flipped on the squark line propagating inside the loop of b — > S7 leading 
to a right-handed photon emission (see e.g. Refs. [3] and references therein). In the 
class of Left-Right Symmetric Models (LRSM), large contributions to the b — > 57 decay 
amplitude can arise from the mixing of the Wl and Wr gauge bosons as well as from the 
charged Higgs boson [4]. These amplitudes are enhanced by the factor m t /mb compared 
to the contributions in the SM. In the Grand Unification models a right-handed quark 
coupling can appear by introducing the right-handed neutrino enhancing the "wrong" 
helicity amplitude. 

Three methods have been proposed for the measurement of the photon polarization: 2 

lr This so-called chiral enhancement occurs only in the b — > sj and b — > sg processes with the photon 
and gluon being on-shell. In the supersymmetric models this issue was studied using the time-dependent 
CP- asymmetry in the B — ¥ (j)Ks decay as one can have a large NP effect in the penguin loop diagram 
that is suppressed in the box diagrams [1]. Another hint of NP is discussed in the direct CP- violation 
in the D — s- K + K~ , it + it~ which allow a large NP contribution within the constraint from the D — D 
mixing [2]. 

2 Additional methods can be devised by considering At —> AW7 [5], — > S*7 [6]. 
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• An indirect determination of the photon polarization, proposed by Atwood et al. [7, 
8], is the measurement of the time-dependent mixing-induced CP-asymmetry in the 
radiative neutral P-mesons decays P — > / 7 (where f CP is the CP-eigenstate). 
Prominent examples are P — > K*{— > Kgn )^, and B s — > 07. Such measurements 
are expected to be made at future super B factories, reduce the experimental error 
on the asymmetry parameter S , ^ s7r o 7 down to 2% [9]. 

• A direct determination, proposed by Gronau et al. [10], is based on the study of the 
angular distribution of the three-body final state, Ktttt, coming from the axial vector 
i^i(l + )-meson decay, in B — > K\{— > K-n-n)^. In Ref. [11] this method was improved 
by using a new variable u, which includes not only the angular dependence but also 
the dependence on the three-body Dalitz variables which can significantly improve 
the sensitivity of the measurement of the polarization parameter. Recently measured 
by the Belle collaboration E{B — > _K' 1 (1270)7) [12] appeared to be comparable to 
BiB — > K*^), which opened the possibility of measuring the photon polarization in 
B ->- K17. 

• Another indirect way to study the right-handed currents is based on the angular 
analysis in the semileptonic B — > K*(—> Ktt)£ + £~ decay, proposed in Refs. [13, 14] 
and in many subsequent works. In particular, two transverse asymmetries, A^\q 2 ) 
and A^iq 2 ), which can be expressed in terms of parallel and perpendicular spin 
amplitudes of K*, are highly sensitive to the b — > 57 process at very low dilepton 
invariant mass squared q 2 = (p e + +Pi-) 2 - 

As we will show in Section 4, these three methods, having their own advantages and 
disadvantages, can be complementary to each other. Combination of all three of them 
can in principle put a strong constraint on the short- distance C$ coefficients in a model- 
independent way which then can be used as a constraint in building the NP models. In 
this sense the content of this paper is a contribution to the broad effort in the particle 
physics community to search for NP through b — > s exclusive decays [15]. 

This paper is organized as follows. In Section 2, we remind the reader the basic 
formalism of the b — > sj process and explain the importance of the photon polariza- 
tion measurement. In Section 3, we briefly introduce three methods proposed for the 
determination of the Wilson coefficients and discuss the sensitivity of the future ex- 
periments, namely the super B factories and LHCb, to the ratio /C^ using different 

Q 

P-meson decay modes. In particular, we consider the processes: P — > K (— > K s tt )j, 
B -)■ PJi(1270)7 -)■ (Ktck)^ and P° -)■ K*°(^ K-tt + )£ + £~. In Section 4, we combine 
different methods and illustrate the possible future constraints on C 7 / 7 /C 77 . 

2 Photon polarization in the b — > S7 process 

In the SM, the quark level b — > sj vertex without any QCD corrections, reads 
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where q = pb — p s with pb and p s four-momentum of the b and s quark, respectively, F 2 
is the loop function [16]. If we choose the three momentum direction in the 6-quark rest 
frame, q^ = (\q\, 0, 0, |g|), and define the right- and left-handed polarization vectors as 

e^ = T^(0,l,±i,0) , (2) 

one can then compute the helicity amplitude and explicitly show that 

s L <y^q v b R e^ = 's R o ilv q v b L e i ^ = . (3) 

We therefore readily find that the first (second) term in Eq. (1) is non-zero only when 
we multiply by the left(right)-handed circular-polarization vector. In other words the 
first term in Eq. (1), proportional to m b , describes the b R — > slJl, while the second one, 
proportional to m s , describes the bi s R ^ R 3 . Since m s /mb — 0.02 <C 1, the photon in 
b — > S7 in the SM is almost purely left-handed if strong interactions are switched off. 

After integrating out the heavy degrees of freedom the effective Hamiltonian reads 



' 6 / 
.i=l i=77,8g,9,10^ 



77, 83, 

(') 



(4) 



where the short-distance physics is encoded in the Q Wilson coefficients that are calcu- 
lated in perturbation theory, C^ . g are the local four-quark operators; and are 
the electro-magnetic and chromo-magnetic penguin operators respectively, O g w are the 
semileptonic operators. Using the operator basis from Ref. [17], the operators relevant to 
our discussions are 

6 6 

7l =Y^m b s aL a^b aR F flu , 7j = ■^- i mbS a RC7 ttv b a LF llv , (5a) 

Os g =^m b s aL a^b m G% , 0' %g = ^m b s aR a^t a Q ^ L G% , (5b) 

2 2 
9 =^(s aL rb aL )(h^) , ^9 = , (5c) 

2 2 

O10 =^(s aL Yb aL )(h^i) , O{ = ^{s aR rbaR){h»lst) , (5d) 

where a, (3 are the colour indices, q Rt L = |(1 ± 75)?, ^ v = |[t m > 1 u ), t a (a = 1, ... 8) are 
the £77(3) colour generators, F^ v and G a ^ v denote the electromagnetic and chromomagnetic 
field strength tensors respectively. The renormalization scale /1 is conventionally chosen 
at m&. In the SM, C 9 ' 10 = and 

/~i I f~il 

~ — ~ 0.02 . (6) 



C77 C*8g m b 



3 More intuitively, the outgoing photon polarization can be determined in the following way: due 
to the chiral structure of the coupling of the W boson to quarks, the first term in Eq. (1) describes 
bji — > sl transition. Since b — ¥ 37 is a two-body back-to-back decay in the 6-quark rest frame, the helicity 
conservation implies that the photon must be left-handed. Correspondingly, the second term in Eq. (1) 
describes the right-handed photon emission. 
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The short-distance QCD effects induce the mixing of with Oi r __e, the effect of which 
can be absorbed by defining the so-called "effective" coefficients C^ eS . For notational 
simplicity, whenever C$ appears in what follows, C^ cS , evaluated at the scale /x& ~ 
m b, P oie = 4.8 GeV ; will be understood. In our numerics we use 

C 7 ( 7 SM V&) = -0.304 [18]. 

In this way, the amplitude for the exclusive B — >• K 7, B — >■ if 17, B s — > ^7 decays, 
that we generically refer to as B — > Mj, can be written as 

Art 

M(B -> M 7 ) = ~^Vt b V t * s [C^iMjlO^lB) + C^ b )(Mj\0^ b )\B) + ...], 

(7) 

where the dots stand for the long-distance contributions of the other operators. The 
ones explicitly written could be thought to give the main contribution. However, for the 
"wrong" helicity, precisely because of the strong suppression of C 7 ' 7 by the factor m s /mb, 
one has to be careful when considering the other operators, as well as the perturbative 
corrections to the Wilson coefficients themselves. 



3 Various methods for determination of C/ 7 

In this Section, we introduce the methods to measure the photon polarization in b — > sj^, 
and discuss the sensitivity of the future experiments, namely the super B factories and 
LHCb, to the photon polarization in the b — > 57 process by comparing and combining 
several methods in various 5-meson decay modes. We also discuss the advantages and 
disadvantages of the direct method, based on the radiative B — > K\ (1270)7 ~~ >* (-^7rvr)7 
decay, with respect to the indirect ones. 



3.1 Methods invoking CP- asymmetries 

An indirect method to measure the photon polarization is to study the time-dependent 
CP-asymmetry in the radiative decays of the neutral 5-mesons. This asymmetry arises 
from the interference between B(B) — > f CPr ) and B(B) — > B{B) — > f CF ^ ampli- 
tudes where f CP is the final hadronic self-conjugate state. Since the B(_B)-meson de- 
cays predominantly into a photon with right (left)-handed helicity, the dominant ampli- 
tudes of B(B) — > f CP -fn(L) and B(B) — > B(B) — > f CP, ~iL(R) can not interfere quantum- 
mechanically as the photon helicity is, in principle, a measurable quantity. Thus, in the 
SM, the time-dependent asymmetry, generated by the B — B mixing, is expected to be 
zero up to 0(m s /mb) corrections. However, if NP induces a non-negligible contribution 
to the helicity-suppressed amplitudes with "wrong" helicity, B(B) — > f CP, jL(R), one can 
have a significant deviation of asymmetry from zero. That would constitute a clean signal 
for NP. 

For the generic radiative decay of the neutral S-meson into any hadronic self-conjugate 
state f CP , B{t) — )■ f CP, y, neglecting direct CP-violation and the small width difference 
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between two B -mesons, the CP- asymmetry is given by [7] 4 



r( g ( t )^/°M-r(B W ^ 7 ) m 

v ; r(s(t) -> / CP 7) + r(B(t) -> f CP j) f 7 v ; v ; 

with 

_ 2Xm[e-^ ^(g _> fCP^ L ) M (B -» / C %Q] 2Xm[e~^ C 77 C 7 ' 7 | 

/CP7 4 |^(5^/^)i 2 + iM^^/ CP 7«)| 2 ^ |Cr 7 | 2 + |C 7 ' 7 | 2 ' U 

where £(= ±1) is the CP-eigenvalue of 0m is the phase in the B — B mixing, which 
in the SM is <pd = 2(3 ~ 43°, and S ~ 0, for the and P s mixing, respectively. 

We should emphasise that the measurement of Ac pit) allows us to determine the ratio 
of two amplitudes M.(B — > f CP jL,R) together with the CP violating phase 4>m but not 
separately. Thus, the fraction of the right-handed polarization can be obtained from this 
measurement only by having the value of the B — B mixing phase. 

Due to smallness of the right-handed amplitude in b — > 57, the SM predicts 

Sp P «-2^sin0 M . (10) 

More specifically, for the B — > if*(— >■ ifs7r°)7 decay, the SM prediction reads [20] 

*Co 7 = -(2.3±1.6)%, (11) 

which is to be compared with the current world average for the asymmetry in the B — > 
K\-+ if 5 7r°) 7 [21], 

fi£*0 7 = "0.16 ±0.22. ( 12 ) 

That last error is expected to be improved at the super B factories to 2% [9] . The LHCb 
experiment will measure the CP-asymmetry in B s — > (fry. Based on the MC simulation for 
2 fb -1 , it is claimed in Ref. [22] that LHCb will be able to determine the Sjcp^ parameter 
with an accuracy of the order of 0.2. In other words, only large NP contribution could be 
observed via this quantity at LHCb. 

3.2 GGPR and DDLR-inspired methods using B -> K^-t Ktttt^ 



Unless the mixing-induced CP-asymmetry is measured, the B — > if*(— >■ Ks' n ' )l decay 
provides no helicity information for the following reason: since the photon helicity is 
parity-odd and we measure only the momenta of the photon and the final hadrons, we 
can not form a hadronic quantity that would be also parity-odd. On the other hand, 
in the case of three-body decay of ifi (i.e. B — > if 17 — > Ktctc-/) one can form a triple 

In fact, the non-negligible width difference Ar s in i? s -mesons leads to one more measurable quantity, 
also sensitive to the right-handed currents (e.g. see Ref. [19]). Eq. (8) is more complicated in the case 
of B s — > (fry. For simplicity, we neglect this term proportional to smb. (— |^-t), what is an excellent 
approximation in £?-decays but not in £? s -decays, but keep in mind its significance in B s — > (fry. 
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product of three momenta. For example, p 7 • (p n x p K ) is a pseudo-scalar; then applying 
the parity transformation it will have the different sign for left- and right-handed photons. 

Gronau et al. [10] proposed to study the angular distribution in the B — > Ki(—> Ktxtx)^ 
decay and extract the polarization parameter A 7 , 



, \M(B-> K ±RlR )\ 2 - \M(B -> K 1LlL )\ 2 ^ \C^\ 2 - \C 7l \ 2 
7 \M{B^K llR )\* + \M{B^K llL )\> ~\C^ + \C 7l \ 2 ' 1 ] 



They proposed to measure the observable proportional to A 7 , called up-down asymmetry 
(in the following we call it the GGPR method), defined as 

/"„ dcos9-^—^ - f°, dcos9-r^-n 

a JO a cos J —1 a cos / -i i \ 

up - d ° wn ~ J\ dcos9-^- B ' 1 J 

J — 1 a cos 

where 9 is the angle between the z-axis and the vector orthogonal to the plane spanned 
by Kirn in the K\ rest frame. Note that the z-axis is chosen opposite to the direction of 
the photon. This asymmetry allows us to determine A 7 directly from the measurement 
of the observed asymmetry of the total number of the events with the photons emitted 
above and below the i^7T7r-plane in the K\ rest frame. 

In our previous work [11] we investigated the feasibility of determining the photon po- 
larization A 7 using the B — > (1270)7 — > Kttttj decay and improved the GGPR method 
by introducing a new variable cu that contains information on the Dalitz distribution (in 
the following we call it the DDLR method). In this way the experimental sensitivity to 
A 7 is significantly increased. Please see Ref. [11] for more details. 

For an accurate determination of A 7 , one needs modelling of the hadronic K\ — > 
Kittt decays. Contrary to Refs. [10] we pointed out the complex hadronic structure of 
_Ki(1270) — > Ktttt, that we studied in great detail in Ref. [23]. 

It turns out that the probability density function, or equivalently the properly nor- 
malized differential decay width distribution, is linearly dependent on the polarization 
parameter A 7 , 

2 2 „ m _ 1 d 3 r(5 #17 -»■ Ktitij) 



W{m K ^m^ cos ( 



r dm 2 Kn dml n d cos 9 (15) 
=/(-L,-L,cos^) + A 7 ,(mL,mL,cos^), 



where / and g functions parametrize the K\ helicity amplitudes and can be found in 
Refs. [11,24]. Introducing a new single variable u, 

, 2 2 m _ 9{m 2 Kn ,ml n ,cos9) 

u}(m K% , m^, cos 9) = -—— — , 16 

f{m 2 K7r ,m^, cos 9) 

and writing the normalization condition for W(m 2 K7T , m 2 n , cos 9) as 



1 



duj J W(m 2 Kn ,ml 



f(m 2 Kn ,m 2 nn , cos 9) 

W'(u) 



(17) 

dm 2 K7r dm 2 7V d cos 9 , ^ ' 
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Figure 1: Dependence of the statistical error a\ on the total number of signal events of the decays 
B + — > (A' + 7r _ 7r + )^ 1 ( 1 27o)7 an d B° — > {K Tr + n^)x 1 (i270)l depending on the A 7 determination method: 
the error of A 7 which is determined by using the DDLR method (red solid) and the error determined 
from the up-down asymmetry (blue). Red dashed curve corresponds to the error of A 7 determined by 
the DDLR method for B+ ->■ (A 7r + 7r ) Kl(12 7o)7 and B° (K + Tr-n ) Kl{1270) j decays. 



one can identify a new probability distribution of uj, 

W'(u) = (p(u)(l + X r u), (18) 

where ip(u) reads 

¥>(w) = J f{m 2 Kn ,ml n ,cos9)6 

It is a complicated function that depends on hadronic model parameters. As proved in 
Ref. [24], (p(u) turns out to be an even function of u. Therefore, using the maximum 
likelihood method, A 7 can be expressed as the ratio of odd over even moments, 

/..2n-l\ pi 

A 7 = , (u n ) = J ^ u n W'(u)du (n > 1) . (20) 

In practice, we use numerical Monte Carlo method to simulate W'(u) and compare 
the statistical errors of two methods, DDLR and GGPR. Note that the expected number 
of B — > (1270)7 events is of the order of several thousands at 2 fb _1 . One can see 
from Fig. 1 that the inclusion of full Dalitz information improves the sensitivity of A 7 
determination by typically a factor of two compared to the pure angular fit ( or equivalently 
the up- down asymmetry measurement). 

The polarization measurement through the cu-moments in the DDLR method is sen- 
sitive to several uncertainties in the modelling of K\ — > Kirn decays. We estimated the 
theoretical errors of the hadronic model to be er A7 < 0.2 (for more details see Ref. [24]). 
It must be emphasized that in our study [11] we used the hadronic model only for the 
illustration and demonstration of the DDLR method. These systematic uncertainties can 
be significantly reduced by an accurate, model-independent, partial wave analysis of the 
.fTi-decays, in particular using the B — > J/ij)K\S decays observed by the Belle collabora- 
tion [25]. 
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g(m 2 Kn ,m 2 nT , cos 9) 



dm 



K^dm^d cos 9 



(19) 



3.3 The angular analysis of B K*(-> Kir)£ + t 



In Refs. [13, 14], it was proposed to test the NP effects by studying the angular distribu- 
tions of the four-body final state in the B° -> K*°(-t K~n + )£ + £~ decay. 

Written in terms of four kinematic variables, the differential decay rate can be written 

as 



d^T(B -»■ K 



*o , 
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/r(<Z 2 )sin 2 ^ + / 1 c (g 2 )cos 2 0* 



dq 2 d cos 6 ed cos 9k dcf) 32n 

+ \I s 2 (q 2 ) sin 2 0^ + J 2 c (g 2 ) cos 2 0#] cos 20 £ + I 3 (q 2 ) sin 2 0^ sin 2 6 e cos 20 

+ h(q 2 ) sin 20^; sin 20£ cos + h(q 2 ) sin 20# sin 0£ cos 

+ [i| (g 2 ) sin 2 K + J^ 1 ? 2 ) cos 2 0*] cos 0^ + J 7 (g 2 ) sin 20 x sin 0* sin 

+ h(q 2 ) sin 20# sin 20£ sin + h(Q 2 ) sin 2 0# sin 2 0<? sin ! 



(21) 



where we use the notation adopted in Ref. [26]. h(q 2 ) can be expressed in terms of two 
transverse, A±^(q 2 ), one longitudinal, A (q 2 ), amplitudes related to the spin state of the 
on-shell K* , and one additional time-like amplitude, A t (q 2 ), related to the off-shell virtual 
gauge boson decaying into the lepton pair. All four amplitudes A± s \\ t Q i t(q 2 ) can be found 
in the Appendix of the present paper. In terms of these amplitudes [26], 



If(s 2 ) 


Jl \ 
4 




°l\ 2 _|_ \ A e f\ 2 + \A iL 2 


W) 


Jl \ 
2 


\A 


_|_ \ A e f\ 2 — \ A^ L \ 2 


W) 


=20 t Ke 


A^ L A e _f* — A 1r A iR * 


W) 


=/3 2 lm 


A^ L A^ L * + A^ R A^ R * 



+ \A 



'.R\2 



\Al R \ 2 



(22a) 

(22b) 
(22c) 
(22d) 



One of the most promising observables, that have a small impact from the theoretical 
uncertainties are the transverse asymmetries defined as [14, 27] 5 

4V)=|g, (23a) 
4™V)=|g, (23b) 
-4"V)=ffg. (23c) 

These asymmetries, as well as the other quantities introduced in the literature, can be 
extracted from the experimental angular decay distribution fitting Ii(q 2 ). In particular, 



5 One has to pay attention that A^ m \q 2 ), we are using here, is different from v4; m (g 2 ), defined in 
Ref [281- A- (a?) - gflj^K^^ 
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the measurement of Iz$(q 2 ) and /f 6 ((/ 2 ) allows us to determine ^ 2 ' im ' re ^ directly from the 
fit. 

Note that A^' ira ' re \q 2 ) involve only A\^±(q 2 ) and not the longitudinal and time-like 
amplitudes A j(q 2 ) (see Eq. (48)). As emphasized by one of the authors [27], the advan- 
tage of using the quantities that include only A\\ t ± is that they do not require a detailed 
knowledge of hadronic form factors T s (q 2 ) and A 2 fl{q 2 ) which are quite hard to compute 
using the lattice QCD simulations. Moreover, as it was verified in Ref. [27], the ratios 
A\{q 2 ) /T2(q 2 ) and V{q 2 )/T\(q 2 ) are flat in the low g 2 -region which makes the relevant 
hadronic uncertainties to be better controlled. 

One can easily demonstrate that 

lim Ay{q)= / , (24a) 



>o 1 ^ ' |C 77 | 2 + |C 7 ' 7 | 2 
dim)/ 2\ _ 2Xm[C 77 C 7 / 7 j 



lim A (im> (a 2 ) = 1 ' ni (24b) 

lim Af\q 2 ) =0. (24c) 

" 2 — >o 



This is the consequence of the fact that in the very low £ + £~ invariant mass region 
the 07 7 operator is dominant with respect to the semileptonic Og^o operators. Note 
that approximation of Eq. (24) is strictly valid only at q 2 = 0, and away from this 
point the expressions for A^' ira ' T °\q 2 ) become more complicated due to the non-negligible 
contributions from the other terms proportional to Cg'l (see Eq. (48)). In practice, we 
work with binned experimental distributions within a range of q 2 and the full expression, 
involving Cg'l , should be used. Note however that at low q 2 the impact of C9.10 is very 
small. 

Unlike v4^' im ^(0) whose values can change considerably if NP affects the coefficients 
C 77 , the third asymmetry .4.^(0) remains insensitive to NP. The g 2 -shapes of three 
asymmetries can give important hints of the presence of NP in some scenarios [27] . 

The new analysis of the B — > K*e + e~ decay mode by the LHCb collaboration [29] 
shows that one can expect an annual yield of 200 to 250 events for 2 fb _1 in the region 
30 MeV < \fq^ < 1 GeV which would amount to an error on Af about 

a LRCh (AP) -20%. (25) 
3.4 Comparison of the methods: advantages and disadvantages 



First, it should be noticed that the measurements of the time-dependent CP-asymmetry 
in B — > K*(—> Ksir )^ and of the two transverse asymmetries ^.^'""''(g 2 ) in B — ^ K*£ + £~ 
are proportional to the absolute value of the ratio 

r=^, (26) 
W7 
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0.20 
0.15 

0.05 

°"°81o 0.2 OA 0.6 0.8 1.0 
|r| 

Fi gure 2: Comparison of the sensitivity of the two methods: the one directly determining r ~ Cj^/Cj^ 
like in the time-dependent CP-asymmetry in B — > K*{— > Kstt )^ and transverse asymmetries A^' in 
B K*£ + £~ and the other one determining |r| 2 such as A 7 in B Kx (1270)7. Assuming irj^ Ch ps 0.1 
(blue dashed line) and <ta t ~ 0.1 (red solid line), one can see that a better significance can be obtained 
with the later method for \r\ > 0.3. Here, for illustration, we assumed both Cy' to be real with CV 7 
being purely SM-like. 




(up to order 0(|r| 2 )) together with the complex phases, 4>l + 4>R an d 4>l — 4>r (Eqs. (9) 
and (24) respectively): 

2\r\ 

Sks-kO-j ^ -. i in sin(0 M - 4>l - 0/?) , (27a) 



1 + |r 
2|r| 
1 + \r 



4 2) (0) ~ -^L cos ( 0i _ fl ) , (27b) 



A ^ (0) - sin(0 L - fo) , (27c) 

where 4>L an d 0i? are the relative CP-odd weak phases in the b — > process: 4>l,r — 

On the other hand, from B — > Kij, a measurement of the polarization parameter A 7 
would give for £>(£>)-decays 

|r| 2 -l 

A ^ ± FFTI' (28) 

and is sensitive only to |r| 2 . Supposing, for simplicity, that the C$ are real, the errors of 
these two type of methods can be compared using the following equation: 

(l + |r| 2 ) 2 , . 

a \r\ = 1 4| ^' ^ ^ • (29) 

For r « the B — > K* decays are more advantageous since they are directly proportional 
to r, whereas our A 7 is in fact insensitive to r « 0. Using B — > becomes more 
advantageous at LHCb for |r| > 0.3 as can be seen from Fig. 2 (this number corresponds 
to our estimated uncertainty on A 7 , af at ~ 0.1). 

Therefore, for small r, it is better to rely on Sjf s7r o 7 and jS^ ,im \ However, one must 
take into account the QCD corrections: what is really measured is not r, but the ratio of 
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the helicity amplitudes, 

R K = Mg^grcs7.) (30) 

and therefore discerning NP from QCD corrections will be very hard (if possible) if r was 
small. 

Note also that the CP-asymmetry depends on phases which are unknown, so that one 
must make additional assumptions on <Pm,l,r- Instead, from B — > Kij we can extract |r| 
without requiring the knowledge of phases. This is where the asymmetries A T ' become 
more advantageous as they access to both |r| and the relative phase 4>l — 4>r- 

In summary, the three methods considered in this paper should be viewed as comple- 
mentary rather than competing, and should be combined. This is what we do in Sec. 4. 

4 Constraints on C 7 ' 7 combining various methods of 
the photon polarization determination 

In this section we present an example of potential constraints for the right-handed current 
contribution to the photon polarization by combining three polarization measurement 
methods described in the previous section. 



4.1 Current constraint on C 7 ' 7 by B{B — > X s j) and 5V s7r o 7 

Since the SM and NP contributions are coherently added in the total left- and right- 
handed amplitudes, the branching ratio measurement of the inclusive process can provide 
only a partial information on the polarization or r. Indeed, if the right-handed amplitude 
Cj is of the same order as the SM prediction, or the enhancement of C 7 goes along with 
the suppression of the left-handed amplitude C 77 , the NP impact on the branching ratio 

B(B -> X sl ) oc |C 77 | 2 + |C 7 ' 7 | 2 « |C 7 ( 7 SM) + C 7 ( 7 NP) | 2 + ICV'f P) | 2 , (31) 

is small. In other words, there can be a substantial contribution of NP that is hardly 
discernable from the branching ratio alone. The same holds true for the branching ratio 
of the exclusive decays. Moreover, the rates are not sensitive to the phases 4>l,r, while 
the presence of non zero phases may be characteristic of certain NP models. This is a 
reason why the multiplicity of methods for determination of r can be useful to establish 
the presence of NP: one can see from Eq. (27) that only a combination of the methods 
can yield both |r| and the phases 4>l,r- 

In Fig. 3-9 we show the constraints on C\ JC^ available at present and compare 
them with those that are planned to be obtained from the future measurements. For 
illustration, we consider four NP scenarios: 

• scenario /: C 7 ( 7 NP) G R, C^ NP) G R ; 

• scenario //: C 7 ( 7 NP) = 0, C 7 '^ NP) G C ; 
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. scenario ///: C 7 ( 7 NP) = C 7 'f P) G C ; 
. scenario IV. C^ P) = -C# N P) G C . 

In all plots presented in Figs. 3-9, we use the constraint from the inclusive rate. The 
region outside the gray (dark gray) circle is excluded at 3cr (la) level by the current 
measurement [21], 

B cxp (B -)• X sl ) = (3.55 ± 0.24) x 1(T 4 , (32) 

which we combined with the SM prediction given in Ref. [30]. 

In Fig. 3 we show the constraints from already measured B(B — > X s 7) and S Ks7T o^. 
Orange (dark orange) region represents the ±3cr (±lcr) region allowed by the current 
measurement of SK s n°y (12). Performing a x 2_ fit of B{B — >■ X s ^) and Sjf svr o 7 , we obtain 
the 95% and 68% CL regions for C 7 for each considered NP scenario. One can see from 
the plots in Fig. 3, that there is still room for NP. Note, however, the apparent ambiguities 
in the C 77 — C 7 plane: in scenario Jit is fourfold in the C 7l — C 7 plane and two-, three-, 
fourfold in the TZe[Cj J — Xm[C 7 ' 7 ] plane in scenarios II, 1/7, IV, respectively. Therefore, it 
is clear that additional observables are required to pin down the real and imaginary parts 
of< } . 

4.2 The expected sensitivity to C 7 ' in the future measurements 

In Fig. 4-7, we present a future prospect for constraining C 77 ^ NP ^ in the four NP scenarios. 
The plots are obtained by assuming: 

• Improved measurement of the CP-asymmetry parameter 5V s7r o 7 in B — > K*{-^ 
Ks^°)l- The contour colours correspond to S Ksn o^ allowed by a ±3cr to the present 
world average (12). Different colours are separated by the size of the current exper- 
imental error. That error will be significantly reduced at super B factories. 

• Potential measurement of the polarization parameter A 7 in B — > K\ (1270)7. The 
contour colours correspond to A 7 G [—1, 1]. The spacing between contours is taken 
to be o"a 7 = 0.2, which may be improved by the study of K\ — > Kinr decays. That 
can be made using a detailed experimental study of B — > decay. 

• Potential non-zero measurement of two transverse asymmetries, ^4 T 2 ' im ' ) G [—1, 1], 
in B — > K*£ + £~. The contours correspond to ^.^(O) and ^^(O) respectively. The 
interval between the lines represents 20% of uncertainty for each, which, in principle, 
can be achieved at LHCb. 



Note that in all these figures we applied the constraint from the measured B(B — > X^) 
as allowed by a ±3<r error to the central value (32). 

In Fig. 4, we present our result for the scenario I . The constraints from SV s7r o 7 and 

A T look very similar in this scenario since both of them are proportional to „ 2 7 ^^7s 
with C 77 ^ NpS> being real numbers. On the other hand, one can see that the shape of the 
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Figure 3: Current constraints from the combination of the inclusive decay rate and the mixing- induced 
CP-asymmetry in B — > K*(-^r Kstt°)j. In Fig. (a) we present the constraints in particular NP scenario 
where both CV 7 and C 7 ' 7 are real. In Fig. (b,c,d), for illustration, we consider several NP scenarios 
with the left-handed coefficient cj^ P ^ = 0, C^ NP \ ~C^ NP ^ respectively. Gray (dark gray) bound 
represents the ±3(7 (±ler) constraint from the B(B — > X s j) measurement. Orange (dark orange) region 
represents the ±3<r (±lc) constraint from the current Sk s tt ^ measurement. The light and dark blue 
regions correspond respectively to the 95% and 68% CL bounds for C 7 '^ NP \ obtained from the x 2 -fit of 
the present measurements of B(B — > X s j) and 5V s7r o 7 . 
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Figure 4: Prospect of the future constraints on C$ in the NP scenario /: C 7 ( 7 NP) and C 7 ' 7 (NP) are both 

real. The contour colours in Fig. (a, b,c) correspond respectively to Sk s tt°ii ^7 an d A T (0) allowed by 
a ±3cr error to the central value of B eyip (B — > X s ~f). 

constraint from A 7 is quite different. For example, the fourfold ambiguity in the constraints 

(2) 

of Sks-kO-t an d A T can be reduced to a twofold with the help of the A 7 measurement. In 

addition, one observes that the region around the line C^ F ^ = C 7 ^ NP ^ is quite sensitive 

(2) 

to the A 7 values, while it is not in the case of S Ksn o 7 and A T . 

In Fig. 5, we present our result for the scenario II . The constraint from Sif s7r o 7 is 
very strong (indeed, assuming that fact that the experimental error will be significantly 
reduced by super B factories down to 2%, the bound, i.e. the spacing between the adjacent 
contours will become about 10 times more narrow than those depicted in Fig. 5(a)) but 
it has an ambiguity along the diagonal. Note that this diagonal pattern of the constraint 
results from the fact that the observable is obtained from r by a rotation in the complex 
plane, 

2\r\ 

S Ks7T o 7 ~ - — sin(0 M - 4>r) — -He[r] sin 2(3 +Xm[r] cos 2(3 + 0(|r| 2 ) , (33) 

(see Eq. (27) where 0l is set to 7r by assumption, since C 7l is real and negative in the SM; 
we also assumed that NP effect on <pM is negligible, which is consistent with experiment). 
Thus, one finds that Sks-k ^ is approximately a linear combination of TZe[r] and Xm[r] 
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Re[C 7 'f P) /cf r M »] Re[C 7 'f P, /Cj s r M »] 



Figure 5: Prospect of the future constraints on C 77 in the NP scenario 77: Cj^ P ' is purely SM-like, i.e. 
C 7 ( ^ IP ' > = 0. The contour colours in Fig. (a, b, c, d) correspond respectively to Sjr SJr o 7 , A 7 , .4.^(0) and 
A^ m \o) allowed by a ±3cr error to the central value of B exp (B — > X s ~f). 



within the region allowed by B(B — > X s j). One can make a general statement that if one 
experimentally finds Sjcs^o^ — 0, it will imply |r| ~ or (f>L + <f)R ~ 2/3 ~ 43°. 

This problem can be partially solved by adding a constraint from A 7 which is a circle 
since A 7 is a function of |r| 2 and therefore is insensitive to the complex phases. The 
SM prediction corresponds to the central point C^ F ^ = C 7 ' 7 NP ^ = (0, 0). Near the 
center A 7 = A 7 M ~ —1, and the sensitivity to C 7 ' 7 is very low. For A 7 ~ —0.8 we have 
|C 7 'f P) /C 7 ( 7 SM) |^0.3 (i.e. one is clearly outside the SM prediction), but inside the circle 
one cannot distinguish the NP contribution from the SM one. 

The combined measurement of A^\q 2 ) and A^ m \q 2 ) can, in principle, constraint both 
|r| and the relative phase <Pl — <Pr (or equivalently, TZe[r] and Im[r]) independently on 
S Ks7T o 7 and A 7 . In contrast to A 7 , it is also sensitive to the SM prediction. 

In Fig. 6 and 7, we present our results for scenarios III and IV . The combination of 
the A^P and A^j^ measurements, contrary to the scenario II, leaves a twofold ambiguity 

(2) 

since the constraint from A T becomes a circle. In these two scenarios, the three- and 
fourfold ambiguities of the 5'^ s7r o 7 constraint can be removed by adding the A 7 and A^' 
constraints. 
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Figure 6: Prospect of the future constraints on C$ in the NP scenario ///: C 7 ( 7 NP) = C 7 '< NP) . The 

contour colours in Fig. (a,b,c,d) correspond respectively to SV s7r o 7 , A 7 , ^^(O) and ^^'"''(O) allowed by 
a ±3cr error to the central value of B cxp (B — > X s ~f). 



A pleasant feature of Fig. 4-7 is that the shapes of the resulting plots are quite 
different in NP scenarios. The four constraints will overlap in scenarios compatible with 
measured Sx g7r o 7 , Aa and A^' im ^ and we will be able to extract and their phases. In 
incompatible scenarios, the four constraints will not overlap. 

Once again, we stress that we can determine /CV 7 from S Ksn o y only in combination 
with the B — B mixing phase, <pM- In this paper we assume that NP does not bring any 
significant contribution to the B — B mixing box diagrams and use the currently measured 
value, sin 2/3 = 0.673 ± 0.023 [31]. The impact of the uncertainty on sin 2/3 is depicted 
in Fig. 8(a) with multiple orange bands, labeled with values of S Ksn o y . In future, super 
B factories will be able to measure the asymmetry within the 2% error, which means that 
we will have a very thin constraint along one of the black lines in Fig. 8(b) within the red 
bands which represent ±l<x = ±0.02 regions. One can notice that theoretical uncertainty 
on S# g7r o 7 , coming from the B — B mixing phase determination, will be comparable to 
the experimental one at the super B factories. 
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Figure 7: Prospect of the future constraints on C$ in the NP scenario IF: C 7 ( ^ P) = -C 7 ' 7 (NP) . The 

contour colours in Fig. (a, b, c, d) correspond respectively to 5V s7r o 7 , A 7 , A^\o) and ^ m) (0) allowed by 
a ±3cr error to the central value of B eyip (B — > X s ~f). 



Keep in mind that A% ' (q 2 ) are going to be measured in a g 2 -bin between and 1 GeV 2 , 
and to extract A^' (0) one can use the following approximation 

A { *' im \q 2 ) = 4 2 ' im) + a? ' im) g 2 + 0(g 4 ) , (34) 

with the intercepts and slopes simply being 



dAp im \q 



„(2,im) _ j. ,(2,im), 2 N (2, fan) 



(35) 



Their expressions in terms of Wilson coefficients are expressions in the Appendix. 

In this work we do not use the slopes of ^4^' im ^(g 2 ) as constraints but one can envisage 
using them in the future. We test the approximation (24) by a comparison to the asym- 
metries integrated within the lowest bin. The solid and dashed contours in Fig. 9, labeled 
with values of A^ ,im \ correspond respectively to the asymmetries calculated at q 2 = 
and integrated over q 2 up to 1 GeV 2 . One can see from Fig. 9(a) and 9(b) that the dis- 
crepancy between the solid and dashed lines within the allowed space is small compared 
to the spacing between the contours (i.e. the expected experimental error at LHCb). 
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Figure 8: Prospect of the future constraints on C 7 ' 7 in the NP scenario //with C 7 ( ^ P) = 0. The orange 
curves in Fig. (a) represent the uncertainty of Sk s tx°^ related to the B — B mixing phase 2/3. The red 
regions in Fig. (b) represent the future bounds (±lcr) on Sk s tt°-( at super B factories. 



We can conclude that the slopes are reasonably small in the NP scenario 77. This is no 
longer valid for the case of scenarios 1/7 or IV where this discrepancy is not negligible as 
can be seen from Fig. 9(c) and 9(d). Here we assumed C^io to be SM-like, while these 
discrepancies can be larger or smaller depending on the NP effect on Cg\ . Furthermore, 
in the future, when the refined measurement of A^' im ' (q 2 ) will be made, we will also 
be able to use the slopes of ^4^' im ' rc ^(g 2 ) to further constrain the NP models. 

4.3 SUSY models with large {$ d RL )2?, mass insertion 

As a specific example of the above discussion we consider a SUSY motivated model. It 
is known that after the spontaneous symmetry breaking the squark mass can come from 
any combination of the left- and right-handed couplings in the soft SUSY breaking part 
of the Lagrangian: 

£ squark mass = ( m J ^.~f .fa. + (mfj) ijU^URj + {m D ) i:j d Ri d R j 

•• + " ~t (• ' 

+ (v 2 A%u Ri q Lj + Vl A D d Ri q Lj + h.c.) , 

where V\p are the vacuum expectation values of the Higgs fields and i,j are the generation 
indices. Since the squark mass matrices (tuq, mu, tub) and the trilinear couplings (A^, 
A 1 ^) are not diagonal in the quark basis, the squark propagators can change flavour and 
chirality. Once these new terms are introduced, the b — > 57 process could receive a 
significant new contribution. 

In organizing the soft SUSY breaking terms, the mass insertion approximation (MIA) 
[32] is often used. In the so-called super-CKM basis the couplings of fermions and 
sfermions to neutral gauginos are flavour diagonal, leaving the source of flavour viola- 
tion in the off-diagonal terms of the sfermion mass matrix. These terms are described by 
(A q AB )ij, where A, B denote the chirality (L, R) and q indicates the "up" or "down" type. 
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Figure 9: Prospect of the future constraints on C 7 ' 7 in the NP scenarios 77 (a, b) and III (c, d). The 
solid and dashed curves correspond respectively to A^' lm \o) and to A^' integrated over q 2 in the 
[4m|, 1 GeV 2 ] range (for details see the text). 

The sfermion propagator can then be expanded as [33] 

W*) = «(* 2 - ™j - *W - + J^|j + ■ ■ ■ , (37) 

where m, is the average squark mass. Assuming that A 2 <C m~, so that the first term in 
expansion is sufficient, the flavour violation can be parametrized in a model independent 
way by the dimensionless MIA parameters 

the values of which can be constrained by various flavour experiments. 

Let us consider the dominant gluino contribution to the C 7 ' Wilson coefficients 6 . 

6 At leading order, both the charged Higgs and the chargino contributions to C 7 ' 7 8g are suppressed by 
m s /mb- For simplicity, we do not present these last contributions here. 
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The coefficients, evaluated at large scale Ms can be written in terms of down-type MIA 
parameters, giving rise to the contribution from the insertion of the gluino mass and the 
one of a scalar mass term. They both violate chirality and flavour, and read' 



y/2 



G F V tb V t * s m 



1 L 



m b 



+ 



rrigfi 



m| 1 + etf 



C^\M S ) 



y/2, 



G F V th V t %m\ L 



m\ 1 + etp 



(39a) 
(39b) 



Here x g 



functions g/^ix 



tp — Vi/v 2 , e ~ 10 2 for a degenerate SUSY spectrum, and the loop 
gJ can be found in Ref. [34] 8 . 



We see that the SUSY models with large {S RL )23 can induce large . Since in this 
case the chirality flip occurs inside the loop, the factor m b of the SM is replaced by the 
internal gluino mass, i.e. from the first term in Eq. (39). This effect, often referred to 
as the chiral-enhancement, could lead to a dramatic increase of the right-handed photon 
emission in b — > sj processes. The last terms in Eq. (39) come from the double MIA 



diagrams with (Sf R{RL) 
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{m b jj 



33 



III 



and become important for 



large values of tp which we do not consider here. 

Note that the MIA parameters can, in general, be complex (e.g. see the numbers quoted 
in Refs. [1,37]). 

Using the anomalous dimension matrix from Ref. [38] and running the coefficients 
from the SUSY scale Ms (See Eq. (39)) to the low scale [i b = mfe iPO i e , in Fig. 10 we 
show the potential constraints on the dominant (5^)23 MIA parameter for rrig ~ m g = 
500 GeV (plots on the left) and 1000 GeV (plots on the right) respectively. One can notice 
that the bounds decrease as 1/rriq. One can see that the future precise measurement of 
SxsnO'y, A 7 , jSp and will allow us to pin down both the real and imaginary parts of 

(4l) 23 . 



5 Discussion of the O2 contribution to the "wrong" 
helicity amplitude 

It must be emphasized that due to the QCD effects the right-handed helicity amplitude 
can receive a non negligible contribution from the operators other than standard elec- 
tromagnetic penguin operators. Up to now, we have neglected them for simplicity but 
since it is crucial to know the error on C 7 ' it is now useful to discuss this contribution as 
well. There are very different estimates, and the discrepancy among them has not been 
explained in the literature. 

7 Here we do not consider the contribution from the gluino exchange with chirality violation coming 
from the 6-quark mass which is suppressed by a factor m^/rrig compared to the dominant gluino MI 
contribution. 

8 For comparison, see also Refs. [35] and [33] where M ay b(x) correspond to Mi. 2(2;) from Ref. [36]. In 
this case g!/' 2 \x) = =F§Mi, a (a;), g£' 2 \x) = Tg [Mi )0 (ar) + 9M 2 ,5(x)] respectively. 
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Figure 10: Prospect of the future constraints on the real and imaginary parts of (6^)23 for m§ ~ 
rrig = 500 GeV (on the left) and 1000 GeV (on the right), assuming the other mass insertion parameters 



in Eq. (39) to be negligibly small. The contour colours correspond to SksitO^, A 7 , A { t } (0) and ^ m; (0) 
allowed by a ±3ct error to the central value of B cxp (B — > X s ~f). 
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In Refs. [39,40], the authors give a general discussion in the framework of the Soft 
Collinear Effective Theory and end up with two important conclusions: 1) the "wrong" 
helicity amplitude is suppressed by a factor 0(AQ CD /m fe ), 2) it comes mainly from the 2 
operator. The conclusion is a parametric estimate of the ratio 

M(B -»■ K j L ) C 7l m b 

This number is not a quantitative estimate since the matrix elements are not known. Only 
a rough order of magnitude estimate of the matrix element of the local operator is made. 
The actual result could be larger or smaller. Furthermore, the above result corresponds 
to the approximation of zero charm quark mass, m c = 0. 

Another quantitative estimate of this "wrong" chirality contamination is offered with 
the method of QCD sum rules in the work of Khodjamirian et al. [41], and Ball et al. [42]. 
They roughly agree in that the non-perturbative contribution of the O2 operator 9 is very 
small, which hardly modifies the tree-level estimate, m s /m b . The result of Ref. [42] is 

M(B — > if*7f?) m s , M , . 

— ^= ~ — x (0.8 ±0.2) ~ 2%. 41 

M{B^K lL ) m b 

The large numerical discrepancy between Eq. (40) and (41) is surprising, since they seem 
to come from the same basic effect. 

In terms of the effective Hamiltonian the decay amplitude for the B — > K* / y decay, 
can be written as 



M(B K*y) = - Fv tb V*(K*j\C^G 7l + C^G 7y 



(42) 



and the numbers in Eqs. (40) and (41) are estimates of this quantity, with the same basic 
idea of attaching the electromagnetic current and a soft gluon to a c-quark loop starting 
from the four-fermion operator C? 2 - A possibility to relieve the helicity suppression of 
right-handed photons is indeed to consider an additional gluon emission resulting in the 
three-particle final state b — > s^g 10 . 

Of course, one could explain the discrepancy simply by invoking the fact that the 
estimate (40) is very approximate, while the other (41) is based on QCD sum rules. A 
more careful analysis allows to be more specific. The result in Eq. (40) comes with the 
assumption m c = in the loop function 



/ N 1 2 2 

K(z) — arctan 

v ; 2 z 



4- z 



(43) 



9 A complementary estimate using LCSR with B meson wave functions has been given in [43]. 
10 In the case of the three-particle final state the argument of the helicity conservation in the footnote 1 
is no longer valid. 
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which takes the value k(oo) = 1/2. Indeed, in this expression, z is an operator acting on 
the fields, namely 

*==£<«>♦>. m 

where D is the covariant derivative. 

For an arbitrary m c , instead, k(z) is a non local operator or a series of local operators 
with increasing number of additional covariant derivatives, corresponding to the powers of 
z, and with coefficients of order (Amb/ml) n , where A is a hadronic scale. More specifically, 
the expansion of k(z) is 

z z 2 z^ 

k(z) = + . . . . (45) 

v ; 24 180 1120 V ; 

The other estimate in Eq. (41), initiated by the work of Khodjamirian et al, uses a 
short distance expansion of the T— product appearing in Eq. (42) and retains the lowest 
order in the expansion, proportional to l/ra;i. 

Let us then consider the first term in the expansion (45). We see that the first 
local operator in the series will have one additional derivative with respect to the local 
operator at m c = 0, and look like the operator Op (defined in Ref. [41]), with a coefficient 
— l/24(Amb/m^) instead of 1/2 for the original non local operator at m c = 0. Therefore, 
we retrieve the power 1/mj!, and a small coefficient for the operator Op. As a tentative 
estimate of the derivative operator one can use the standard recipe and replace each 
derivative by a factor A. Therefore, by setting z — > Amj/m^, the original estimate in 
Eq. (40) becomes 11 

M(B^K* lR ) ^ (C 2 /3) A x 1 Am, 
M(B^K* lL ) ~ CV 7 m b X 12 m 2 c ' 

This new estimate is obviously much smaller than the one given in Eq. (40), and explains 
the discrepancy between Eqs. (40) and (41) seems to reside in a rather strong dependence 
on the charm quark mass when varied from m c = to the physical value. 

The crucial question is the validity of the limited expansion to the first order in l/m? c . 
We can notice that z — > Arrib/m 2 . is not very small; it is close to 1, so that retaining the 
first term in the expansion, as done in the sum rules approach, is probably not safe. For 
A = Aqcd, z is close to l/m 2 c . For A = A ~ 0.5 GeV of HQET, instead, z is close to 1. We 
can notice that even when z — 1, k(z) — 0.05, which is still 1/10 of the value 1/2 on which 
the numerical estimate of Eq. (40) seems to be based. We therefore tend to believe that 
this O2 contribution to the "wrong" helicity remains really small. Nevertheless, one must 
be aware that this conclusion relies on a highly qualitative feeling of how to estimate z n , 
which means how to estimate the matrix elements of the local operators. For example, A 
could be well replaced by equally reasonable and most naive 1 GeV. For the latter, z ~ 3 
and k(z) would be much larger, which would invalidate the short distance expansion. In 
summary, it seems that once one takes into account the charm quark mass effect, the non 



1 We accounted for the factor of 2 used in Refs. [39,40], which gives 2 x 1/24 in Eq. (46). 
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perturbative contribution has a rather strong dependence on the scale of the momentum of 
gluons. 

In addition, the contributions calculated in Ref. [44] can bring an effect of the order of 
(30 -7- 40)% with respect to the leading (0(a®)) ms/rub contribution. This is larger than 
the estimate made in Ref. [42] (see Eq. (41)). 

Note also that no calculation for the ratio A4(B — > KiJr)/AA(B — > KiJl) has been 
provided so far. In general, this ratio should be different from that of B — > K*^ due to 
the difference in the B — > K\ and B — > K* hadronic form factors and due to the unknown 
contribution of the long-distance effects of the C 2 operator. 

On the other hand, for the sake of clarity and simplicity, we have decided not to take 
into account the long-distance O2 effects. However, one must keep in mind that this could 
entail a theoretical uncertainty ~ (2 -7- 10)% on the ratio of the right-handed polarization 
amplitude over the left-handed one. In other words we are not dealing with high precision 
tests of the SM and the NP effects can be established only if the deviation from the SM 
is sufficiently large. 

6 Conclusions 

We have studied the prospects for determining the Wilson coefficients CV 7 and C 7 ' 7 from 
the future measurements at LHCb and super B factories. C 7 probes the right-handed 
structure of the New Physics models which enter the b — > sj processes. In order to 
determine C 7 , we have used four observables: SV s7r o 7 , A 7 , A^ and A^ ■ 

• The current experimental error on the mixing- induced CP-asymmetry parameter 
Srs-it -/ — —0.16 ± 0.22 [21] will be reduced to ±0.02, at the super B factories, at 
75 ab- 1 [9]. 

• A direct method to measure the photon polarization in B — > K\{— > K-rni)^ decay 
was proposed in Refs. [10] and improved in [11]. Our study shows that the photon 
polarization parameter A 7 can be measured at super B factories with an accuracy 
~ 20%, with integrated luminosity of 75 ab -1 . Instead, at the LHCb one can reach 
the ~ 10% precision with only 2 fb _1 [11]. 

• From the angular analysis of B — > K*(— > Ktt)£ + £~ decay at low dilepton invariant 
mass one can extract information on the photon polarization as well. The transverse 
asymmetries A^ and A^ m \ are particularly interesting since they will soon be 
measured to a good accuracy at LHCb. The estimated accuracy of A^ and A^ 
is expected to be ~ 0.2 at integrated luminosity of 2 fb _1 [29]. 

In principle, these four observables can unambiguously constrain the New Physics contri- 
bution to C 7 ' 7 and CV 7 , even when these Wilson coefficients are complex numbers. 

We studied four different NP scenarios of C 77 7^ and presented the current con- 
straints provided by B(B — > X s j) and S Ks7T o~. Those constraints are still either loose 
and/or ambiguous. We then showed that the future measurements of 5 , ^ s7r o 7 , A 7 , A? 
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and A™ will not only restrain the allowed range of values for C 77 , but also solve or 
partially solve the ambiguities in the complex (CV 7 , C 77 ) plane. 

We should emphasize that each of the above quantities has its own advantages and 
disadvantages depending on the NP scenario. In the scenario I, we found that the bounds 
coming from S , ^ s7r o 7 and from A^ are similar. To disentangle the discrete fourfold am- 
biguity arising from these two constraints, the measurement of A 7 could help and reduce 
this ambiguity to twofold. 

In the scenario II, A 7 plays an important role: although S/e g7r o 7 bound will be extremely 
constraining at super B factories, the resulting diagonal ambiguity could be at least 
partly solved by a constraint provided by the measured A 7 . A^ and A^ are very 
important since their combination can, in principle, constrain both TZe[C^ ] and Xm[C 7 ' 7 ] 
independently on Sk s7 t°j and A 7 . 

In contrast to the scenario 77, in the scenarios III and IV, constraints provided by A^ 
and A^ leave a twofold ambiguity if C 7 ' 7 is large. This can be removed by adding the 
constraint coming from the measured A 7 . 

We also discussed the impact of the potential long distance contributions of the O2 
operator that might plague right-handed polarization amplitude. Its contribution, which 
is estimated to be between (2 10)%, should be taken into account. Its current estimate 
is not safe yet, and more effort is needed to assess its value. For that reason the New 
Physics can be established from the decays studied in this work only if the deviations 
from the SM are significantly large. 
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A Spin amplitudes in the B — > K*{-^ Ktt)£ + £ decay 

Using the naive factorization, the matrix element of the effective Hamiltonian for the 
decay B — > K*£ + £~ can be written as 



9+ 0-^ 



V2n 



-v tb v* 



(C B - C w )(K*\s L -fb L \B) + (C 9 ' - Cl )(K*\snrfb R \B) 
2 "' b (C 7l (K\s L ia^q v b R \B) +C^fp\a R i<r' u 'q v b L \W) 



Q 



(47) 



+ 



(C 9 + C 10 )(K*\s L Yb L \B) + (C 9 ' + C; )(K*\s R Yb R \B) 



2m b 



(C 7l {K\s L ia^q v b R \B) + C^(K\s R ia^ q u b L \B)) 



Working in the transversity basis of amplitudes, one can obtain from Eq. (47) the 
well-established in the literature expressions for the four possible amplitudes [26]: 



V{q 2 



+ [(C 9 + C 9 ) =f (Cio + C/o)] 



^V) = -iY(gV2(«4-<.) 



2m{, 



(48a) 



Q 



+ [(C 9 - C 9 ') =F (Cm - C/o)l 
iV(g 2 ) 



(c 77 -c; 7 )t 2 ( ? 2 ) 



^l(g 2 ) 



(48b) 



m B - m K * 
[(C 9 - GO =F (C7 10 - C/ )] x 



2itlk* v 

(m| - m 2 ,, - g 2 )(m B + m^)A(<? 2 ) - A(g 2 ) ^'^ 1 



where 



+ 2m b (c 7l - ay 

_2iV(g 2 )v^(^ 



K + 3m^, -g 2 )T 2 (g 2 ) 



"is + rag-. 



(48c) 



2 2 



(C w -C; )A (q 2 ) 



(48d) 



iV(g 2 ) 


=v*K 




4- 


Kq 2 ) 


=[q 2 - 



G F a lm ffl(g 2 ) 2 ATI^ 



1/2 



4m 2 



\2ir„2 



(49a) 

(49b) 
(49c) 
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and V(q 2 ), Ao,i,2(<Z 2 ), ^1,2,3 {q 2 ) are the form factors which parametrize the hadronic 
matrix elements in Eq. (47). 

In order to avoid possible confusion of the reader, it is worth to mention that the 



superscripts L, R in the notation A^'± Q , which are commonly used in the literature (see 
Ref. [14] and all subsequent works), are not related to the K* or the virtual photon 
helicity/chirality amplitudes; instead they must be identified with the lepton chirality as 
in Eq. (47) (e.g. see Ref. [45]). Therefore we modified this notation by adding the lepton 
index: ^4y'^ — > Am^o- O ne nas t° point out that there exist two different independent 
L, R amplitudes since vector and axial vector couplings of the Z-boson to the leptonic 
current, which are contained in the Cg^o coefficients, are different. 

B Intercepts and slopes of A^ ,im \q 2 ) at low q 2 

In the limit of vanishing q 2 we get the intercepts and the slopes in q 2 of the transverse 
asymmetries defined in Eq. (35) 



un __ 2TZe[C 7l C 7 ^ 
|CV 7 | 2 + \C 7l \ 
i(im) _ 21m{C 7 ,C;;\ 
|CV 7 | 2 + \C 7j \ 



(50b) 



|2 



C*7 7 — C*7 7 


C*7 7 + C*7 7 


\c 7l 


2 + 


c 7l 


2 



1 


< 


C*7 7 + Cy 7 


2 


2m b 




2 + 




2 



+ 



m 2 B + m 2 K * 
_(m B + m K *) 



+ z 



1 




|U7 7 — 77 | 


f) 


2m b 




C*7 7 


2 + 







Ke[{C 7l -C>){C,-Ci)\ 



ne[(C 7j + C')(C 9 + C^)] 



A1/T2 



tub — vtik* 
V/Ti 



(51a) 



,(im) 



47^e[C7 7 C'*]Xm[C7 7 C 7 , 



7l J 



(I^P+I^I 2 ) 2 



1 XmjC^Cg] 
m 6 (|C 77 | 2 + |C 7 ' 7 | 2 ) 2 

+(C7 7 + c 7 ' 7 )(c 9 + c 9 '; 



+ -2 



_{m B + m^«) 2 

(C 77 - C 77 )(C g - C g 



+ 



1 Zm[(C 77 + C^)(C 9 -C 9 ')*] ^/T 2 
2m b \C 7 ~ ( \ 2 + |C 7 ' 7 | 2 m B - m K * 

1 Xm[(C 77 -C 7 ' 7 )(C 9 + C 9 ')*] V/Tx 



2mh 



\C 7l \ 2 + \C^\ 2 



tub + rriK* 



(51b) 
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The ratios of the form factors that have similar g 2 -behavior in the heavy quark limit 
and in the limit of large energy of K*, are kept as constants [46], namely A\(q 2 ) /T2(q 2 ) = 
Ai/T 2 = const and V(q 2 )/Ti(q 2 ) = A 1 /T 2 = const. These ratios satisfy the approximate 
relation [27] 

A/T2 » V/Tl » 0.2 GeV- 1 , (52) 
iris — rriK* m B + m K * 

which in practice we vary between (0.17^-0.23) GeV" 1 [47-49]. For the ratio of the tensor 
form factors we use the approximation 



Ti(q 2 ) 

with z = -0.030(3) [47,49]. 



zq 2 , (53) 



29 



References 



[1] S. Khalil and E. Kou, "On supersymmetric contributions to the CP asymmetry of 
the B (f)Ks \ Phys.Rev. D67 (2003) 055009, arXiv:hep-ph/0212023 [hep-ph] . 

[2] J. Brod, A. L. Kagan, and J. Zupan, "On the size of direct CP violation in singly 
Cabibbo-suppressed D decays" , arXiv : 1 1 1 1 . 5000 [hep-ph] . 

[3] L. L. Everett, G. L. Kane, S. Rigolin, L.-T. Wang, and T. T. Wang, "Alternative 
approach to b -»■ sj in the uMSSM", JEEP 0201 (2002) 022, 
arXiv:hep-ph/01 12126 [hep-ph]. 

J. Foster, K.-i. Okumura, and L. Roszkowski, "New Constraints on SUSY Flavour 
Mixing in Light of Recent Measurements at the Tevatron", Phys.Lett. B641 (2006) 
452-460, arXiv : hep-ph/0604121 [hep-ph] . 

E. Lunghi and J. Matias, "Huge right-handed current effects in 

B -> K*(^ Kn)£ + £- in supersymmetry" , JEEP 0704 (2007) 058, 
arXiv:hep-ph/0612166 [hep-ph]. 

T. Goto, Y. Okada, T. Shindou, and M. Tanaka, "Patterns of flavor signals in 
supersymmetric models", Phys.Rev. D77 (2008) 095010, arXiv : 0711 . 2935 
[hep-ph] . 

[4] K. Babu, K. Fujikawa, and A. Yamada, "Constraints on left-right symmetric 
models from the process b -> 57", Phys.Lett. B333 (1994) 196-201, 
arXiv:hep-ph/9312315 [hep-ph]. 

[5] T. Mannel and S. Recksiegel, "Probing the helicity structure of b — > 57 in 
A b ->■ A7", Acta Phys.Polon. B28 (1997) 2489-2493, arXiv:hep-ph/9710287 
[hep-ph] . 

G. Hiller and A. Kagan, "Probing for new physics in polarized Ab decays at the Z" , 
Phys.Rev. D65 (2002) 074038, arXiv:hep-ph/0108074 [hep-ph]. 

F. Legger and T. Schietinger, "Photon helicity in A& — » pK^f decays", Phys.Lett. 
B645 (2007) 204-212, arXiv:hep-ph/0605245 [hep-ph]. 

G. Hiller, M. Knecht, F. Legger, and T. Schietinger, "Photon polarization from 
helicity suppression in radiative decays of polarized A& to spin-3/2 baryons", 
Phys.Lett. B649 (2007) 152-158, arXiv:hep-ph/0702191 [hep-ph]. 

T. Mannel and Y.-M. Wang, "Heavy-to-light baryonic form factors at large recoil", 
JEEP 1112 (2011) 067, arXiv: 1111 . 1849 [hep-ph]. 

[6] L. Oliver, J.-C. Raynal, and R. Sinha, "Note on new interesting baryon channels to 
measure the photon polarization in b — > S7", Phys.Rev. D82 (2010) 117502, 
arXiv: 1007.3632 [hep-ph]. 



30 



[7] D. Atwood, M. Gronau, and A. Soni, "Mixing induced CP asymmetries in radiative 
B decays in and beyond the standard model", Phys. Rev. Lett. 79 (1997) 185-188, 
arXiv : hep-ph/9704272 [hep-ph] . 

[8] D. Atwood, T. Gershon, M. Hazumi, and A. Soni, "Clean Signals of CP-violating 
and CP-conserving New Physics in B — > PVj Decays at B Factories and Hadron 
Colliders" , arXiv : hep-ph/0701021 [hep-ph] . 

[9] SuperB Collaboration, M. Bona et ai, "SuperB: A High-Luminosity Asymmetric 
e + e~ Super Flavor Factory. Conceptual Design Report", arXiv: 0709 . 0451 
[hep-ex] . 

[10] M. Gronau, Y. Grossman, D. Pirjol, and A. Ryd, "Measuring the photon 
polarization in B -> Kiwi\ Phys. Rev. Lett. 88 (2002) 051802, 
arXiv:hep-ph/0107254 [hep-ph]. 

M. Gronau and D. Pirjol, "Photon polarization in radiative B decays", Phys. Rev. 
D66 (2002) 054008, arXiv:hep-ph/0205065 [hep-ph]. 

[11] E. Kou, A. Le Yaouanc, and A. Tayduganov, "Determining the photon polarization 
of the b ->■ S7 using the B ->■ #i (1270)7 ->■ {Kit^ decay", Phys. Rev. D83 (2011) 
094007, arXiv: 1011.6593 [hep-ph]. 

[12] Belle Collaboration, H. Yang et ai, "Observation of B + -> fTi(1270)+7" , 
Phys. Rev. Lett. 94 (2005) 111802, arXiv:hep-ex/0412039 [hep-ex]. 

[13] D. Melikhov, N. Nikitin, and S. Simula, "Probing right-handed currents in 
B -> K*£ + e~ transitions", Phys. Lett. B442 (1998) 381-389, 
arXiv : hep-ph/9807464 [hep-ph] . 

[14] F. Kruger and J. Matias, "Probing new physics via the transverse amplitudes of 
B° -> K*°(-^ K-tt + )£ + £- at large recoil", Phys. Rev. D71 (2005) 094009, 
arXiv : hep-ph/0502060 [hep-ph] . 

[15] A. K. Alok, A. Datta, A. Dighe, M. Duraisamy, D. Ghosh, et al, "New Physics in 
b ->■ CP-Conserving Observables" , JEEP 1111 (2011) 121, 

arXiv: 1008.2367 [hep-ph]. 

S. Descotes-Genon, D. Ghosh, J. Matias, and M. Ramon, "Exploring New Physics 
in the C 7 - C{ plane", JEEP 1106 (2011) 099, arXiv: 1104.3342 [hep-ph] . 

J. Drobnak, S. Fajfer, and J. F. Kamenik, "Probing anomalous tWb interactions 
with rare B decays", Nucl.Phys. B855 (2012) 82-99, arXiv : 1109 . 2357 [hep-ph]. 

A. J. Buras and J. Girrbach, "BSM models facing the recent LHCb data: A First 
look", arXiv: 1204.5064 [hep-ph]. 

F. Mahmoudi, S. Neshatpour, and J. Orloff, "Supersymmetric constraints from 
B s -> fj, + (T and B -)> K*fx + n~ observables", arXiv: 1205. 1845 [hep-ph] . 



31 



F. Beaujean, C. Bobeth, D. van Dyk, and C. Wacker, "Bayesian Fit of Exclusive 
b ->■ s££ Decays: The Standard Model Operator Basis", arXiv: 1205. 1838 
[hep-ph] . 

J. Matias, F. Mescia, M. Ramon, and J. Virto, "Complete Anatomy of 

B d K7r)i+£- and its angular distribution", JEEP 1204 (2012) 104, 

arXiv: 1202.4266 [hep-ph]. 

K. de Bruyn, R. Fleischer, R. Knegjens, P. Koppenburg, M. Merk, et ai, "A New 
Window for New Physics in B° s -)> yU + /i~", arXiv: 1204. 1737 [hep-ph] . 

A. Behring, C. Gross, G. Hiller, and S. Schacht, "Squark Flavor Implications from 
B -> K { * ] £ + £-" , arXiv : 1205 . 1500 [hep-ph] . 

D. Ghosh, M. Guchait, S. Raychaudhuri, and D. Sengupta, "How Constrained is 
the cMSSM?" , arXiv : 1205 . 2283 [hep-ph] . 

W. Altmannshofer and D. M. Straub, "Cornering New Physics in b — » s 
Transitions" , arXiv : 1206 . 0273 [hep-ph] . 

D. Becirevic, N. Kosnik, F. Mescia, and E. Schneider, "Complementarity of the 
constraints on New Physics from B s — > fi + \i~ and from B — > K£ + £~ decays", 
arXiv: 1205.5811 [hep-ph]. 

[16] T. Inami and C. Lim, "Effects of Superheavy Quarks and Leptons in Low-Energy 
Weak Processes Kl — > /Xp, K + — > it + vV and K° <-> K ", Prog.Theor.Phys. 65 
(1981) 297. 

[17] K. G. Chetyrkin, M. Misiak, and M. Munz, "Weak radiative B meson decay beyond 
leading logarithms", Phys.Lett. B400 (1997) 206-219, arXiv:hep-ph/9612313 
[hep-ph] . 

[18] C. Bobeth, M. Misiak, and J. Urban, "Photonic penguins at two loops and 
m r dependence of BE(B -> X s £ + £-f , Nucl.Phys. B574 (2000) 291-330, 
arXiv:hep-ph/9910220 [hep-ph]. 

[19] F. Muheim, Y. Xie, and R. Zwicky, "Exploiting the width difference in B s — > <fry" , 
Phys.Lett. B664 (2008) 174-179, arXiv: 0802. 0876 [hep-ph]. 

[20] P. Ball, G. W. Jones, and R. Zwicky, li B -> V 7 beyond QCD factorisation", 
Phys.Rev. D75 (2007) 054004, arXiv:hep-ph/0612081 [hep-ph]. 

[21] Heavy Flavor Averaging Group Collaboration, D. Asner et ai, "Averages of 
6-hadron, c-hadron, and r-lepton Properties", arXiv: 1010. 1589 [hep-ex]. 

[22] S. Barsuk et ai, "The road map for the radiative decays of beauty hadrons at 
LHCb", Feb, 2009. LHCB-ROADMAP4-001. 

[23] A. Tayduganov, E. Kou, and A. Le Yaouanc, "The strong decays of K\ 
resonances", Phys.Rev. D85 (2012) 074011, arXiv: 1111 . 6307 [hep-ph]. 



32 



[24] A. Tayduganov, Electroweak radiative B-decays as a test of the Standard Model and 
beyond. PhD thesis, Universite Paris-Sud 11, 2011. 
http://tel.archives-ouvertes.fr/tel-00648217. 

[25] Belle Collaboration, H. Guler et ai, "Study of the K + 7i + tt~ Final State in 
B + J/4)K + tt + tt- and B + fK + n + 7r-", Phys.Rev. D83 (2011) 032005, 
arXiv: 1009.5256 [hep-ex]. 

[26] W. Altmannshofer, P. Ball, A. Bharucha, A. J. Buras, D. M. Straub, et al, 

"Symmetries and Asymmetries of B — > K*[i + fi~ Decays in the Standard Model and 
Beyond", JEEP 0901 (2009) 019, arXiv : 0811 . 1214 [hep-ph] . 

[27] D. Becirevic and E. Schneider, "On transverse asymmetries in B — > K*£ + £~" , 
Nucl.Phys. B854 (2012) 321-339, arXiv: 1106.3283 [hep-ph]. 

[28] U. Egede, T. Hurth, J. Matias, M. Ramon, and W. Reece, "New observables in the 
decay mode B -)■ K*°£ + £~" , JEEP 0811 (2008) 032, arXiv : 0807 . 2589 [hep-ph] . 

[29] J. Lefrangois and M.-H. Schune, "Measuring the photon polarization in b — > S7 
using the B — > K*e + e~ decay channel", tech. rep., CERN, Geneva, Jun, 2009. 
CERN-LHCb-PUB-2009-008. 

[30] A. L. Kagan and M. Neubert, "QCD anatomy of B — > Xgj decays", Eur.Phys.J. 
C7 (1999) 5-27, arXiv:hep-ph/9805303 [hep-ph]. 

[31] Particle Data Group Collaboration, K. Nakamura et al., "Review of particle 
physics", J. Phys. G37 (2010) 075021. 

[32] L. J. Hall, V. A. Kostelecky, and S. Raby, "New Flavor Violations in Supergravity 
Models", Nucl.Phys. B267 (1986) 415. 

[33] T. Aushev, W. Bartel, A. Bondar, J. Brodzicka, T. Browder, et al, "Physics at 
Super B Factory" , arXiv : 1002 . 5012 [hep-ex] . 

[34] W. Altmannshofer, A. J. Buras, S. Gori, P. Paradisi, and D. M. Straub, "Anatomy 
and Phenomenology of FCNC and CPV Effects in SUSY Theories", Nucl.Phys. 
B830 (2010) 17-94, arXiv : 0909 . 1333 [hep-ph]. 

[35] F. Gabbiani, E. Gabrielli, A. Masiero, and L. Silvestrini, "A Complete analysis of 
FCNC and CP constraints in general SUSY extensions of the standard model" , 
Nucl.Phys. B477 (1996) 321-352, arXiv:hep-ph/9604387 [hep-ph]. 

[36] J. Hisano and Y. Shimizu, "Hadronic EDMs induced by the strangeness and 
constraints on supersymmetric CP phases", Phys.Rev. D70 (2004) 093001, 
arXiv:hep-ph/0406091 [hep-ph]. 

[37] P. Ball, S. Khalil, and E. Kou, " B® — B° s mixing and the B s — > J/ip(f) asymmetry in 
supersymmetric models", Phys.Rev. D69 (2004) 115011, arXiv:hep-ph/0311361 
[hep-ph] . 

33 



[38] F. Borzumati, C. Greub, T. Hurth, and D. Wyler, "Gluino contribution to radiative 
B decays: Organization of QCD corrections and leading order results", Phys.Rev. 
D62 (2000) 075005, arXiv:hep-ph/99 11245 [hep-ph] . 

[39] B. Grinstein, Y. Grossman, Z. Ligeti, and D. Pirjol, "The Photon polarization in 
B -> X7 in the standard model", Phys.Rev. D71 (2005) 011504, 
arXiv:hep-ph/0412019 [hep-ph]. 

[40] B. Grinstein and D. Pirjol, "The CP asymmetry in B (t) — > Ks^ 0r y in the standard 
model", Phys.Rev. D73 (2006) 014013, arXiv:hep-ph/0510104 [hep-ph]. 

[41] A. Khodjamirian, R. Ruckl, G. Stoll, and D. Wyler, "QCD estimate of the long 
distance effect in B -> K*i\ Phys.Lett. B402 (1997) 167-177, 
arXiv : hep-ph/9702318 [hep-ph] . 

[42] P. Ball and R. Zwicky, "Time-dependent CP Asymmetry in B — » K*^ as a (Quasi) 
Null Test of the Standard Model", Phys.Lett. B642 (2006) 478-486, 
arXiv : hep-ph/0609037 [hep-ph] . 

[43] A. Khodjamirian, T. Mannel, A. Pivovarov, and Y.-M. Wang, "Charm-loop effect 
in B -> K^l+l' and B -> K*i\ JEEP 1009 (2010) 089, arXiv : 1006 . 4945 
[hep-ph] . 

[44] M. Matsumori and A. Sanda, "The Mixing-induced CP asymmetry in B — > K*^ 
decays with perturbative QCD approach", Phys.Rev. D73 (2006) 114022, 
arXiv:hep-ph/0512175 [hep-ph]. 

[45] C. Kim, Y. G. Kim, C.-D. Lu, and T. Morozumi, "Azimuthal angle distribution in 
B -> K*(-t Ktc)£ + £- at low invariant m e+e - region", Phys.Rev. D62 (2000) 
034013, arXiv:hep-ph/0001151 [hep-ph]. 

[46] J. Charles, A. Le Yaouanc, L. Oliver, O. Pene, and J. Raynal, "Heavy to light 
form-factors in the heavy mass to large energy limit of QCD", Phys.Rev. D60 
(1999) 014001, arXiv:hep-ph/9812358 [hep-ph]. 

[47] P. Ball and R. Zwicky, U B^ S — > p,u,K*,<ft Decay Form Factors from Light-Cone 
Sum Rules Revisited", Phys.Rev. D71 (2005) 014029, arXiv: hep-ph/ 0412079 
[hep-ph] . 

[48] P. Colangelo, F. De Fazio, P. Santorelli, and E. Scrimieri, "QCD sum rule analysis 
of the decays B Ki+fr and B -»■ K*i + i~ v , Phys.Rev. D53 (1996) 3672-3686, 
arXiv : hep-ph/9510403 [hep-ph] . 

[49] D. Becirevic, V. Lubicz, and F. Mescia, "An Estimate of the B — > K*^ form 
factor", Nucl.Phys. B769 (2007) 31-43, arXiv:hep-ph/0611295 [hep-ph]. 



34 



